The shell and tube heat exchanger is an essential part of a power plant for recovering heat transfer between the feed water of a boiler and the wasted heat. The baffles are also an important element inside the heat exchanger.
Introduction
Shell and tube heat exchangers are devices that supply thermal energy between two or more fluids at different temperatures. These apparatuses are widely employed in the industry, such as thermal power plant, chemical process, electronics, air-conditioning, refrigeration, manufacturing, and other thermal systems. Previous investigations for this type of heat exchanger have concentrated on increasing heat transfer coefficient, system performance, pumping power, surface characteristics, fouling or plugging, and other factors using experimental or numerical methods.
Only few studies have focused on the effect of baffles and flow patterns inside the heat exchangers. Among these approaches, Gupta et al.
[1] investigated several microfiltrations in helical baffles using flow visualization, and found more than 50% enhancement in permeate flux. Van Dijk et al. [2] observed the physical behavior in dense fluidized beds using the X-ray technique, and sug-gested that despite the clear effect of the baffle on the bubble behaviors, the velocity profile was not very severely influenced. Tomasz Chmielnieliak et al. [3] reported a cyclone-type separator based on Leith and Licht's cyclone [4] . In this study, the influence of the tangential velocity to the swirl effects was investigated. L. Du et al. [5] studied particle flow behavior in a gas-solid separator with guide and separation baffles using the phase Doppler particle analyzer. The results of their study revealed that the inertia of the particle significantly affects their behavior in different group sizes, indicating that smaller particles are more influenced by the drag force of the gas stream.
Rensheng Deng et al.
[6] presented a study on the Taylor vortex flow between a rotating inner cylinder and a stationary outer cylinder with vertical or horizontal baffles by employing particle image velocimetry (PIV) and computational fluid dynamics (CFD). The results showed that vertical baffles influence the vertical positions of the vortices. H. Asgharzadeh et al.
[7] studied a sedimentation tank in which swirl flow was generated and baffles were installed for water treatment using a 10 MHz acoustic Doppler anemometry. The results of their study showed that the best baffle position and proper baffle height are related to the inlet concentration. Mahboubeh Jafarkhani et al. [8] demonstrated the qualitative and quantitative properties of fluid dynamics in a baffle-filled channel by CFD. They found that the average fluid velocity, shear stress, and mass transfer on the tube wall increased by further extending the baffle angles from 90° to 180°. Nguyen Lu Phuong et al. [9] investigated the influence of the swirl air flow to the particle separations, depending on the ventilation duct, using the k-e turbulence model. They found that a vertical duct with a baffle in a perfect sink condition on the wall surfaces increased particle deposition and decreased particle escape.
Xesus Nogueira et al.
[10] conducted numerical and experimental studies on oscillatory flow within a baffle tube that contains tri-orifice baffles. They investigated the influence of the tri-orifice baffles on the flow controls using CFD. Mahdi Sharokhi et al. [11] employed CFD to find the optimal position of a baffle installed in a laboratory primary sedimentation tank. Results showed that the baffle improves the sedimentation efficiency effectively suppressing the horizontal velocities and reducing the size of the dead zones in the sedimentation tank. Recently, investigated the effects of number and width of the sealing strips on shell and tube heat exchangers. The results showed that with the increase in the number of sealing strips, the Nusselt number was 9.3% to 41.7% higher than that without sealing strips.
Various studies on the effects of baffle for the flow and hydrodynamics of devices have been conducted. However, only a few studies mentioned the velocity near and between the baffles. In the present study, 3D PIV was employed to measure the velocity profiles, with and without swirling flow, around two baffles in a horizontal circular tube. The velocities for the baffles are considered on the parallel and the counter flows.
Experimental apparatus and methods
Apparatus Fig. 1 presents the schematic of the experimental rig and the PIV system employed in this study. The test tube was manufactured with an acrylic pipe (d = 54 mm, L = 770 mm) 3.0 mm thick. Two baffles (3 mm thick) were installed in the test tube with 13% of the cutoff ratio (approximately 7.2 mm). The detailed diagram is shown in Fig. 2 , which has flow direction, such as parallel and counter flows. A swirl generator with tangential slots was employed to produce tangential flow. This swirl generator was fabricated using an acrylic tube with an outer diameter of 60 mm and eight holes with 3.0 mm diameter that were tangentially drilled from the outer to the inner direction. These holes were drilled with 45° intervals along the circumference of the test tube. The swirl generator was designed to be moved into the swirl chamber for adjusting swirl intensity. For the non-swirling flow generation, the swirl generator was taken out and replaced with honeycombs to produce uniform flow. This swirl generator was installed in parallel and counter directions of the main flow for different experimental cases. The flow rate was measured by employing a flow meter installed at the outlet of the main pipe. The Reynolds number (Re) with the diameter of the main pipe was 7,200 to 14,000. The measurement region X is the horizontal direction of the vertical pipe, Y the vertical direction, and Z the out-of-plane direction. Given that the test tube was circular, the images captured by the two cameras were strongly distorted. 
